Background--Few studies have examined the relationship between accurate monitoring of sodium or potassium consumption and mortality. We aimed to investigate the association between 24-hour urinary sodium or potassium excretion and ≈30-year mortality in a Japanese population using 24-hour urine collection.
P
otassium is an essential nutrient. It is the most abundant cation in intracellular fluid, where it plays a key role in maintaining cell function, particularly in excitable cells, such as muscles and nerves. 1, 2 In general, most ingested potassium is excreted via the urine: ≈90% of potassium consumed is lost in the urine, with the other 10% excreted in the stool, and a small amount is lost in sweat. 3 Potassium is intrinsically soluble and quickly dispersed in the luminal water of the upper digestive tract. 4 The World Health Organization recommends potassium intake of at least 90 mmol/d (3.5 g/d) for adults. However, most populations around the world consume less than the recommended levels of potassium. 5, 6 It has been reported that lower potassium consumption is associated with hypertension, 7 glucose intolerance, 8, 9 and stroke 10 and that higher levels of the consumption could be protective against these conditions. 11 However, the evidence on the potentially beneficial effects of increased potassium on all-cause mortality and cardiovascular diseases is not fully understood, and most of the studies have been evaluated by morning urinary spot samples. On the contrary, the 24-hour urine collection was considered to be the most reliable method to evaluate potassium intake amounts. 12, 13 Therefore, the purpose of the present study was to investigate the relationship between 24-hour urinary sodium or potassium excretion and all-cause mortality in a Japanese community-based survey using 24-hour urine collection.
Methods

Availability of Data and Material
The data, analytic methods, and study materials were not made available to other researchers for purposes of reproducing the results or replicating the procedure.
Study Population
The baseline study was conducted in Tanushimaru town, a typical rural farming community located in southwestern Japan, in 1980. As previously reported, the demographic background of the subjects in this area is similar to that of the general Japanese population. 14 
Data Collection
All participants were asked about smoking and drinking habits by a questionnaire. Alcohol intake and smoking were classified as current habitual use or not. Height and weight were measured, and body mass index was calculated from measurements of height and body weight. Blood pressure was measured twice, with participants in the supine position.
The second blood pressure reading was taken after 5 deep breaths, and the fifth-phase diastolic pressure was recorded and used in the analysis. Blood samples obtained from the antecubital vein were centrifuged and frozen. Using these samples, we measured fasting plasma glucose, serum lipids (total cholesterol, high-density lipoprotein cholesterol, and triglycerides), uric acid, liver enzymes (alanine aminotransferase and aspartate aminotransferase), albumin, total protein, and creatinine. Estimated glomerular filtration rate was calculated using the Modification of Diet in Renal Disease (MDRD) study equation, modified with a Japanese coefficient 18 : estimated glomerular filtration rate (mL/min per 24 -hour urinary potassium excretion were estimated by the Kaplan-Meier method and compared using the log-rank test. We also added the number at risk and significant time points. To obtain hazard ratios (HRs) for all-cause mortality, we performed Cox proportional hazards regression analysis after adjusting for confounding factors by quartiles of 24-hour urinary potassium excretion. Statistical significance was defined as P<0.05. All statistical analyses were performed using the SAS system (Release 9.4; SAS Institute, Cary, NC).
Results
Study Participants and Outcomes
A total of 1291 subjects were followed up for 27.5AE9.9 years by December 31, 2015. There were 631 deaths: 153 (27.5%) from cancer, 142 (25.5%) from cardiovascular diseases, 89 (15.9%) from infection, and 173 (31.1%) from other causes. A total of 55 subjects (4.2%) were unavailable for follow-up; 25 of these subjects moved, and the details were unknown in the others. The final follow-up rate was 95.8% in this study.
Clinical Perspective
What Is New?
• In this relatively large and long-term prospective cohort study, we investigated the association between 24-hour urinary sodium or potassium excretion using 24-hour urine collection and mortality in a community-dwelling Japanese population.
• Our study showed that the 24-hour urinary potassium excretion, but not sodium excretion, was significantly associated with all-cause mortality in the general population.
What Are the Clinical Implications?
• Clinical usefulness of 24-hour urine collection may expand to include 24-hour urinary potassium excretion, which was associated with all-cause mortality in this Japanese population.
Baseline Characteristics
Characteristics of participants at baseline stratified by 24-hour potassium excretion (g/d) quartiles were shown in Table 1 . The 24-hour urinary potassium excretion was significantly and positively associated with weight, body mass index, albumin, urine, and 24-hour urinary sodium excretion and inversely associated with age, pulse pressure, and the ratio of sodium/potassium excretion.
Kaplan-Meier Curve
The Figure shows Table 2 ). The ratio of 24-hour urinary sodium and potassium excretion was not associated with all-cause mortality in the univariate Cox proportional hazards regression analysis (data are not shown).
HRs for All-Cause Death Stratified by 24-Hour Urinary Potassium Excretion Quartiles
We categorized the baseline 24-hour urinary potassium excretion levels into quartiles and calculated the HRs of allcause death, using the lowest quartile as the reference (Table 3 ). The highest quartile of 24-hour urinary potassium excretion (quartile 4, ≥2.31 g/d) showed the lowest cumulative death rate. In the final model, using the significant factors shown in Table 2 , a significant HR of 0.62 (95% CI, 0.48-0.79; P<0.001) for all-cause death was observed in the highest versus the lowest quartile of 24-hour urinary potassium excretion.
Discussion
In this relatively large and long-term prospective cohort study, we have investigated the association between 24-hour urinary sodium or potassium excretion using 24-hour urine collection and mortality in a community-dwelling Japanese population. We found that the cumulative survival rate was significantly decreased in the lowest quartile (quartile 1) compared with the other higher groups (quartile 2-quartile 4). After adjustment for age and sex, the Cox proportional hazard regression analysis revealed that 24-hour urinary potassium excretion was inversely associated with all-cause mortality. Figure. After further adjustment for confounding factors, a significant HR of 0.62 (95% CI, 0.48-0.79; P<0.001) for all-cause death was observed in the highest versus the lowest quartile of 24-hour urinary potassium excretion.
Potassium Excretion and All-Cause Mortality
Only a few studies have ever examined the relationship between urinary potassium excretion and all-cause mortality for long-term follow-ups. In the PURE (Prospective Urban Rural Epidemiology) study, compared with <1.50 g/d of estimated potassium excretion, higher potassium excretion was associated with a lower risk of death and cardiovascular events. 21 In other studies, higher estimated potassium excretion was associated with a reduced risk of stroke. [22] [23] [24] The systematic reviews with metaanalyses suggested that increased potassium intake lowers blood pressure in adults with and without hypertension, [25] [26] [27] [28] suggesting the increased potassium intake may reduce the risk of death through the effects of blood pressure lowering. Next, the relationship between potassium intake and diabetes mellitus was further examined in prospective cohort studies. 8, 9 Potassium's role in the control of blood glucose is grounded in its function at a cellular level, where potassiuminduced cell depolarization causes insulin secretion from pancreatic b cells. 29 On the basis of these findings, potassium has been identified as a shortfall nutrient by the Dietary Guidelines for Americans 2010 Advisory Committee. 28 Data from many countries indicated that the average potassium consumption is 1.7 to 3.7 g/d. 5 The present study indicated that the mean 24-hour urinary potassium excretion was 1.85AE0.82 g/d in Tanushimaru in 1980. Currently, the potassium consumption has been reported as 2.30AE0.92 g/d (meanAESD) in Japan in 2015. 30 However, the World Health Organization recommended a potassium consumption of at least 90 mmol/d (3.5 g/d) for adults.
Potassium is commonly found in a variety of unrefined foods, especially fruits and vegetables. However, the amount of potassium can be reduced in processed food, 31 which may reflect the low intake of potassium in modern society. The successful implementation of these recommendations would have an important public health impact through the improvement of morbidity, mortality, and quality of life for millions of people, associated with substantial reductions in healthcare costs.
32,33
Sodium Excretion and All-Cause Mortality
Our study indicated that the mean 24-hour urinary sodium excretion was 5.80AE2.28 g/d, and it was equivalent to 13.6AE5.3 g/d salt excretion. In 1980, the average salt intake was 13.0 g/d in Japan. 34 Although it has markedly decreased over the years, it still remains high. The mean level of worldwide sodium consumption was 3.95 g/d, indicating that 99.2% of the adult population in the world exceeds the World Health Organization recommendation of 2.0 g/d. 35 Urinary sodium excretion was associated with the risk of hypertension. 36 In this situation, there was a direct linear association between average sodium excretion and mortality. 37 However, the association between sodium excretion and all-cause mortality is still controversial. In the PURE study, an estimated sodium excretion between 3 and 6 g/d was associated with a lower risk of death and cardiovascular events than either a higher or lower estimated level of the excretion. 21 In another study, sodium excretion of >7 g/d compared with 4 to 5.99 g/d was associated with an increased risk of all cardiovascular events, and a sodium excretion of <3 g/d was associated with increased risk of cardiovascular mortality and hospitalization for congestive heart failure. 22 On the contrary, it has been also reported that lower sodium excretion was associated with higher cardiovascular mortality 38 and that lower 24-hour urinary sodium excretion was paradoxically associated with increased all-cause and cardiovascular mortality in patients with type 2 diabetes mellitus. 39 Although the precise mechanisms in this issue remain unknown, this might be because the reduced sodium consumption is associated with the activation of metabolic and neurohormonal pathways, including the sympathetic nervous system and the renin-angiotensinaldosterone system. 40 Reduced sodium consumption is also associated with the increase in total and low-density lipoprotein cholesterol 40 or the reduced peripheral insulin sensitivity, 41 which should be clarified in the near future.
The Ratio of Sodium/Potassium Excretion and All-Cause Mortality
The Japanese diet is characterized with high sodium and low potassium intakes. 42 The combination of dietary potassium and sodium should be beneficial for blood pressure lowering. 43 Lower potassium/sodium intake ratios strongly associated with the increased all-cause mortality. 44 In our cohort, the ratio of 24-hour urinary sodium and potassium excretion was 5.8AE2.2, which was much higher than the ratio in recent reports. 44 However, the current study showed no significant association between 24-hour urinary ratio of sodium/potassium excretion and all-cause mortality.
Limitations
The present study has several limitations. First, we were not able to exclude subjects with hypertension. Urinary excretion is influenced by many factors, particularly antihypertensive medications (eg, diuretics, angiotensin-converting enzyme inhibitors, and angiotensin II receptor blockers). We have no information about medication, but angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers were not available in the market at baseline. Second, we measured urinary electrolytes only at baseline; thus, we cannot negate the possibility of misclassification of the participants' levels during the follow-up. Third, the total number of deaths from cancer or cardiovascular death was small and limited the statistical power for these outcomes, which is causatively more relevant. Finally, because of the lack of dietary data, we were unable to compare 24-hour urinary sodium or potassium excretion with dietary intake.
Strengths
One of the major strengths of the study is the use of 24-hour urine collections rather than spot or overnight timed urine samples. The 24-hour urine collection is the most reliable method to evaluate potassium excretion amounts. 12, 13 Other strengths are the relatively large number of enrolled participants, outcomes, and long-term follow-up of almost 30 years, with a high follow-up rate.
Perspectives
We have investigated the effect of increased potassium excretion on cause-specific mortality in a Japanese community-based survey using 24-hour urine collection. Clinical usefulness of 24-hour urine collection may expand the values as the predictor of mortality in the population-based survey.
Conclusion
In conclusion, this is the first report demonstrating that 24-hour urinary potassium excretion, but not sodium excretion, was significantly associated with all-cause mortality in the general Japanese population.
